ABSTRACT. Surveillance of avian influenza virus and paramyxovirus in migratory waterfowl and shorebirds was conducted in the San-in district of western Japan from the winter of 2001 to 2008. From 4,335 fecal samples from wild birds, 41 avian influenza viruses of 12 different HA and NA combinations, including two H5N3 strains, and 13 avian paramyxoviruses were isolated. Phylogenetic analysis of HA genes revealed that H5N3 strains clustered in a different branch from the recent highly pathogenic H5N1 isolates in Japan; however, the introduction of new highly pathogenic avian influenza virus by migratory birds cannot be ignored. Therefore, it is necessary to continue surveillance of these potentially serious pathogens in waterfowl and shorebirds.
Avian influenza virus (AIV) belongs to the family Orthomyxoviridae and has two types of surface glycoprotein, hemagglutinin (HA) and neuraminidase (NA), which are divided into H1 to H16 and N1 to N9 subtypes based on their antigenic specificity [4, 20] . If poultry, such as chickens and turkeys, are infected with AIVs, they exhibit various disease symptoms, ranging from mild respiratory signs caused by low pathogenic avian influenza viruses (LPAIVs) to high mortality induced by highly pathogenic avian influenza viruses (HPAIVs), which are restricted to H5 and H7 subtypes; therefore, AIVs are considered to be the most important diseases with regard to economic damage to the poultry industry.
In addition to AIV, avian paramyxovirus (APMV) is a virus that causes an important disease impacting international trade in poultry and poultry products. APMV belongs to the family Paramyxoviridae and has nine antigenic serotypes (APMV-1 to -9) based on their hemagglutination inhibition (HI) and neuraminidase inhibition (NI) assay results [1] . Very little is known about the molecular and biological characteristics and pathogenicity of APMV serotypes 2-9, while APMV-1, known as Newcastle disease virus (NDV), has been studied extensively. NDVs are divided into three major pathotypes based on their pathogenicity in chickens: lentogenic (low virulence), mesogenic (moderate virulence) and velogenic (high virulence) [1] ; therefore, outbreaks of Newcastle disease, similarly to avian influenza, have resulted in severe economic losses in the poultry industry.
Wild birds, particularly waterfowl, are a reservoir of all known AIV subtypes other than H13 and H16 strains, which are found exclusively in shorebirds, such as gulls [4, 20] , and APMV-1, -4, -6, -8 and -9 serotypes [1] . Wild birds, including waterfowl and shorebirds, are thus considered to be important carriers for the transmission of AIVs and APMVs. In Japan, waterfowl such as geese, swans and ducks are well-known wintering migratory birds. These birds fly to Japan from Alaska, the Russian Far East, eastern Siberia, eastern Mongolia, and northeastern China. Since December 1979, we have conducted continued surveillance of AIVs in migratory Anseriformes (e.g., ducks, geese and swans) and Charadriformes (e.g., gulls) in western Japan [10-13, 15, 17] . No highly pathogenic AIVs have been isolated, but many subtypes of viruses from various species of wild birds have been detected. In a previous study, we experimentally demonstrated that non-pathogenic H5N3 AIV and APMV-1 (NDV) isolated from wild waterfowl became highly pathogenic after several cycles of infection in chickens [7, 14] , thus suggesting that wild birds are able to transmit and spread viruses that are potential precursors for highly pathogenic derivatives in poultry birds. Therefore, continuous surveillance of AIVs and APMVs in wild birds, particularly waterfowl, is important for providing information on the prevalent subtypes of the viruses circulating in the field and emerging highly pathogenic viruses.
In this study, we surveyed AIVs and APMVs in wild waterfowl and shorebirds in winter during their migratory seasons from 2001 to 2008 in the San-in district of western Japan. Forty-one strains of AIV and 13 strains of APMV were isolated. Among the AIVs, two strains were identified as H5 subtypes and the phylogenetic tree of HA genes was constructed.
A total of 4,335 fresh fecal samples were collected from whistling swans (Cygnus columbianus jankowskii), mallards (Anas platyrhynchos), common teals (Anas crecca), Eurasian wigeons (Anas penelope), northern pintails (Anas acuta), gadwalls (Anas strepera), white-fronted geese . Samples were collected from eight different sites: Lake Koyama, Pond Nikko, Lake Togo, Tenjin River, Hino River, Ito Coast, the Yonago waterbird sanctuary and rice fields of the suburbs of Yasugi City in the San-in district (Tottori and Shimane Prefectures) of western Japan. Fecal samples were collected individually into screw-capped tubes and stored at -80C until assayed.
Virus isolation was performed as described previously [15] with slight modification. Fecal samples were suspended at a concentration of approximately 30% in phosphate-buffered saline (pH 7.2) containing penicillin at 10,000 units per ml and streptomycin at 10 mg per ml. The suspension was centrifuged at 1,000  g for 10 min. Two hundred microliters of supernatant was inoculated into the allantoic cavities of two 9-to 11-day-old embryonated chicken eggs and were incubated at 37C for 3 days unless death of the embryo was detected. After the inoculated eggs were chilled at 4C, their allantoic fluids were tested for hemagglutination activity.
All hemagglutinin agents were tested by ESPLINE ® INFLUENZA A&B-N (FUJIREBIO Inc., Tokyo, Japan) which is a highly sensitive kit for avian influenza virus [3] . All positive agents were identified by hemagglutination inhibition (HI) and neuraminidase inhibition (NI) tests with specific antisera against influenza A virus strains as described elsewhere [15, 17] . Samples that were negative for the influenza virus by the detection kit were further tested by HI using specific antisera against APMV strains APMV-1/goose/Alaska/415/91, APMV-2/chicken/California/Yucaipa/56 and APMV-4/duck/Mississippi/320/75. Tested samples that were positive for any of the above antisera were identified as APMV. Methods for HI and NI tests were based on established procedures [21] . Phylogenetic analysis was then performed. Viral RNA was isolated from infected allantoic fluid using a QIAamp Viral RNA Mini Kit (QIAGEN, CA, U.S.A.). HA gene segments coding full-length ORFs were amplified using PrimeScript TM Reverse Transcriptase (TaKaRa, Shiga, Japan) for RT and KOD Dash (TOYOBO, Osaka, Japan) for PCR. After extraction from agarose gel using a QIAquick Gel Extraction Kit (QIAGEN), viral cDNA was sequenced using a BigDye Terminator v3.1 Sequencing Kit (Applied Biosystems, CA, U.S.A.) on a 3130xl Genetic Analyzer (Applied Biosystems). The set of HA gene-specific primers and conditions used for RT, PCR and sequencing are available upon request. DNA sequence data were edited and aligned with BioEdit version 7.0.8.0. software [6] . Phylogenetic analysis of HA gene segments was performed by applying the clustal W method using MEGA 4 software [16] . The phylogenetic tree was constructed with the Kimura two-parameter nucleotide model. The robustness of the grouping in neighbor joining analysis was assessed using 1,000 bootstrap resampling.
As described above, 4,335 fecal samples were collected from whistling swans (1,890 samples), mallards (471 samples), white-fronted geese (189 samples), common teals (139 samples), Eurasian wigeons (106 samples), northern pintails (36 samples), black-tailed gulls (26 samples), gadwalls (2 samples) and duck spp. (1,476 samples) in the Sanin district of western Japan. From these samples, 41 strains of AIV (28 from whistling swans, 3 from common teals, 2 from mallards and 8 from duck spp.) and 13 strains of APMV (4 from whistling swans, 2 from white-fronted geese, 1 each from mallards, Eurasian wigeons and gadwalls and 4 from duck spp.) were isolated (Table 1) . From 2001 to 2008, the overall isolation rate of AIV was 0.95% and that for APMV was 0.30%. This rate for AIVs was similar to that in our previous surveillance in the same district since 1979 (1.9%, 129 isolates/6,801 fecal samples). Subtypes of the 41 strains of AIV isolated were characterized by HI and NI tests and were classified into 12 different subtypes: H1N1, H3N9, H4N6, H5N3, H6N1, H6N2, H6N5, H6N8, H9N2, H9N6, H10N4 and H11N9 (Table 2) . Predominant combinations of HA and NA subtypes were H4N6 (14 iso- Table 1 [18, 19] . The present study showed that whistling swans had the largest number of AIVs among all tested species (Table 2 ). Our findings suggest that HPAI viruses may have been introduced into the San-in district via the migration of wild swans.
Western (Fig. 1) . Both isolates were also separate from the H5N2 subtype of Japanese LPAIs isolated from chicken farms in 2005. Ito et al. [7] demonstrated that a non-pathogenic AIV strain, A/ whistling swan/Shimane/499/83 (H5N3), developed into a highly pathogenic virus showing 100% mortality in chickens after several rounds of infection in chickens. This suggests that circulation of non-pathogenic field isolates in chickens can lead to the development of HPAI variants. In fact, H5N2 LPAIVs isolated in the Unites States in 1983 or Mexico in 1993 to 1995 increased in pathogenicity and emerged in poultry as HPAIVs [5, 8] ; however, which H5 low pathogenic isolates from wild birds adapt and evolve to become highly pathogenic to chickens is still unclear. Therefore, in order to understand this issue, experimental investigations using both H5 isolates in the present study is considered to be carried out.
In the present study, 13 APMVs were also isolated from wild birds (Table 1) . To determine the APMV serotypes, a set of antisera against APMV-1 to -9 is essential. Because we did not have access to antisera for all serotypes, the isolated APMVs could not be serotyped. The HI test using anti-APMV-1, -2 and -4, as described above, confirmed that 5 of 13 isolates were positive only for APMV-1 antiserum, indicating that these isolates may be NDV strains. On the other hand, of the remaining 8 isolates, four isolates were positive only for APMV-2 and the remainders were positive only for APMV-4 antiserum. In Japan, from 2001 to 2007, NDVs, including virulent pathotypes for chicken, were sporadically found in wild birds and poultry [9] . Among these, several Japanese isolates were genetically similar to Korean isolates, suggesting that they were derived from an immediate common ancestor. As a possible explanation for viral introduction into Japan, it was considered that the movement of wild birds may be related to viral dissemination [9] ; therefore, to better understand the epidemiology of NDVs in wild birds, further genetic and serological studies of the APMV isolates in this study are necessary.
Our data indicate that various subtypes of AIV and APMV are prevalent in numerous species of migratory wild birds flying into the San-in district of western Japan. Continued surveillance over multiple years will allow for a better understanding of the role of wild birds in the introduction and dissemination of AIVs and APMVs in the field. Therefore, it is necessary to continue the surveillance of these serious poultry pathogens in migratory waterfowl and shorebirds. 
